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Overview and Relevance Accomplishments Accomplishments

Collaboration & Coordination

This research work aims to develop new electrolytes and additives to enable . Combination salts to the micelle electrolytes 1. Lawrence Berkeley National Laboratory

' ' ' ' iti Milestones | llaborati ith hrot hysicists Dr. Chenhui Zhu, Dr. Jinghua G d Dr. Wanli
sulfur as a high capacity and long cycle-life material for positive electrode and FY2021 —— 1200 —— n collaboration with synchrotron physicists fr- enhui Zhu, Dr. Jinghua Guo an ; r-h anli
lithium metal as a negative electrode, to address three of the barriers of energy 1. Measure the polysulfide dissolution in the new amphiphilic electrolytes. (Completed) 22 —rrsiEsia Z 1000 ;Egﬁgﬁfg‘}}%ﬁ: tThh? typeb."f t'.”hi“mﬁsat'tfh and ;aer;%é?y?: ﬁ';’;’.,;”;fﬁcffr'fs'”ptoh.is?ﬁf?d”e"'Qf;S‘c’,[JQ;X;;adypi*e‘i{;‘i‘f;?gi‘f‘t'°” 1o quantily the
storage device for EV/PHEV application, insufficient energy density, poor cycle 2. Map out the lithium ion diffusion path in sulfur materials. (Completed) ' Z 800 ST 1 b seé;ﬁor;e:fr;?rfannscz ‘Z‘S’ingethg 2. UC Berkeley !
life performance, and poor calendar life. 3. Develop optimized sulfur electrodes according to the electrolyte properties and lithium ion % micelle electrolyte. Higher ratio In collaboration Prof. Andrew Minor to characterize the sulfur electrode 3D structure before

transport. in sulfur r_nqterlals. (Completed) L : 2 of LiTESI to LiFSI extends the and after cycling. We will use FIB and lift-out technology to prepare the cross-section of the
Timeline Budget Barriers Addressed 4. Investigate the lithium metal electrode properties in the Li-S cell. (Completed) j% ) cycle life of the LiS battery. composite electrode, and use TEM and SEM to analyze the micro and nanostructures.

Project started: FY2021 Total project funding Performance: Low energy density R — R 3. Oak Ridge National Laboratory
Project end date: FY2023 DOE share: $1,350K, 100%  Life: Poor cycle and calendar life FY2022 o . L ’ szeg(i)ﬁc C:ggcity Sﬂflh g'1§00 0o ISC;SIinZgSN?)(.) B In collaboration with Dr. Gergely Nagy at the Neutron Scattering Facility to character micro and
Percent complete: 50% FY22 funding $450K Cost: High materials and cell cost 1. Synthesize and formulate amphiphilic electrolytes using combination solvents, salts and nanostructures of the electrolytes. A proof-of-concept proposal was developed and approved.

FY23 planned funding $450K ionic liquids. (Q1, completed) Sulfur cathode electrode and interlayer design

N o - . . A full user proposal is currently under development.
2. Sulfur positive electrode optimization to balance ionic and electronic conductivity, as well as

3D CNT-Ni f lectrode to facilitated il 4. Texas A&M Universit
Partners dissolution and precipitations properties. (Q2, completed) | ion Ia:ézlzci:ozotrzn‘;pzﬂ e Interiayer approach to stabllized cathode Prof. Perla Balbuena’s gr)c,>up conducts simulation on the polysulfide interaction with the
LBNL (Dr. Chenhui Zhu, Dr. Jinghua Guo and Dr. Wanli Yang, ) 3. Implement at least one strategy to stabilized Li metal anode_ .elegtrode. (Q3_, on-gomg) - %mpmo.mand50mu°g|assﬁberseparator electrode matrix in the new electrolyte. One of her students took a 3-month-stint in my group at
(L;C Berkeley (Pr(of. Andre(\:/v I\)/Iinor) :ria(écl)emfellr;itf;ﬁnzle(c(tlrzlyr’:i:[ sm;lft;aerlgctrode, and Li metal stabilization strategies to achieve L Berkeley Lab to learn experimental details of Li-S battery. Prof. Balbuena is a BMR PI.
eneral Motors (Dr. Mei Cai ycling. , Not-yet- :‘ 65C o 24 — 5. General Motors
Texas A&M University (Prof. Perla Balbuena) s e T oot General Motors will provide cell testing to verify the Li-S performance. GM is a partner of the
Oakridge National Laboratory (Dr. Gergely Nagy) Amphiphilic fluorinated additives in hydrofluoroether (HFE) solvents o reeror ot aLR0) VTO funded institution.
Conamix Inc. (Dr. Charlotte Hamilton) Intertayer || Separator

Lithium pol)'sulﬁdes\\\ - Y 6 Conamix |nc_
I Conamix is a sulfur cathodes materials solution startup company. Conamix is testing the
amphiphilic electrolytes developed at Berkeley Lab.

Project Objective Amphiphilic fluorinated additives: Bi-functional structure of lithiophilic head (EO) and

Develop new electrolytes, additives and electrode compositions for Li-S battery with high ion-conductivity, lithiophobic tail (fluorocarbon) in a HFE solvent-1,1,2,2-Tetrafluoroethyl-2,2,3,3-Tetrafluoro-

stable towards polysulfide, and promoting the polysulfide affiliation with the electrode substrate to prevent propyl Ether (TTE) to improve the over all performance of the Li-S battery in all the three
polysulfide dissolution, and enabling dendrite-free lithium metal deposition. following aspects.

1. Electrolyte: Solvation mechanism based on micelle formation

Project Impact —rt Glass fibor separator ' oo @ Summary & Future Work
roiect Impac _ >EH - )

. o) pac . o 2. Sulfur cathode: Polysulfide suppression in HFE solvents S —— IR pard’ ___Li-polyamic

To address the high cost and low energy-density of the Li-ion rechargeable batteries. The emerging Li-S “oavLITRsLOGMLNO, | 7T R ?"%?‘ At IO TRAT TN

Li anode

batteries could be both high energy-density and low cost. This project enables the applications of low cost 3. Lithium metal anode: Li metal stabilization in HFE solvents . v, fiusE %’5%%/3\:5% - o . N o
and abundant sulfur element as a major chemical component for electrical energy storage. This project will Molecular structures Assembly structures fim] [ ' g e AN NS * Utilized amphiphilic fluorinated additives, hydrofluoroether solvents, and lithium
develop new approaches for electrolytes and electrode compositions of Li-S rechargeable batteries. — :: , g NS L DX V7 | g ' oz salts based new electrolytes for Li-S battery.
A roaches FW”C’/\”O\/\O/\/O\ Spherical micelle e e A _: | S + Developed and implemented diffraction ~characterization techniques to
pp P—— FEO.or FB Do e, Bz S — characterize the micelle solvation mechanism of the electrolyte.
Evaluate amphiphilic fluorinated new electrolytes for Li-S rechargeable battery. Use material FﬁF/FHF/L/\o/\/O\ .i~"'" C)grs(g:gg:en;i?’il‘l’es Lithium r.ne.tal electrode performance . Charjcz-cterlzed the polysulfldes dissolution in the amphlphll.lclr_nlcelle ele(.:trolytes:
design and synthesis, and materials engineering to develop improved electrolytes, sulfur cathodes LelF F,EO, or F4 R, hexagonal array _ . Cycled lithium metal electrode surface . _ . Iden.tl.fled F4E(?2:TTE and. F3E(.)2.:TTE .electrolytg gxhlbltlng superlor cycling
and lithium metal anodes. Use advanced diagnostics such as synchrotron based X-ray diffractions, Synihetic Molecie 2 EE _ Without controlling p‘_)I,YSUf'e dissolution With l?terj?yer physical aler of Iyume stability and high coulombic efficiency in both Li-Li cells and Li-S cells, and
electron microscopy and battery testing to characterize the Li-S materials and systems. O\:? DOL additive - ‘ 1 : TR T g B implemented a mixed DOL approach to improve performance.

« Implemented a cathode mesh current collector and interlayer strategy to enhance

1. Evaluate amphiphilic fluorinated new electrolytes and additives for Li-S battery. The properties of the .
sulfur area loading.

ideal electrolytes for sulfur electrode would be high ion conductivity, be stable towards polysulfides, and DOL lithophilic additive to the micelle electrolytes
can promote the polysulfides affiliation with the electrode substrate to prevent polysulfide dissolution.

. . . . « Future work is planned for further characterization of the new electrolytes as well
2. Chemically modify the structures of the additives, electrolyte solvents and salts to increase electrolyte

stability and ionic conductivity and to prevent polysulfide dissolution and promote polysulfides ok as the S .and Li electrodes _?fter. cycling in this new class of electrolytes, and

precipitation. g 5 g develop Li metal surface stabilization strategy.
3. Use pol_ymer compo§|te technology to engineer the composite sulfur cathode and lithium anode to ; ) :é ”'\ o & Good cycling stability up to 1200 Amphiphilic micelle electrolytes improve lithium deposition Future Work of Milestones for FY 2023 (Subject to change based on funding

control ion transport in both the electrolyte and the electrodes. s 2 H , )

e : - 5 5w o owe  [°E mAh/g capacity with CE over | levels)

4. Use synchrotron based X-ray diffractions to characterize the micro and nanostructure of the electrolyte, 8 © E 100% indicates verv low level of o "

and use electron microscopy to characterize the morphology of the electrode. o il | ° fide dissol t.y 1 thi » 0.5M LiTFSI- ] " = | .- . { 1. Measure the structure properties of the electrolytes using X-ray and neutron
5. Use classic electrochemical testing methods to characterize the Li-S battery g TRERR R R LR polysultiae dissolution in this F,EO,/TTE (1:5); 1M . e T Fo| o, =32 1 2 —& diffraction methods

performance based on this new class of electrolytes. 0.5M LiTFSI in F4/TTE(1:5) with variable DOL; 42% S loading cathode system with DOL additive in the LITFSI-F4EOL/TTE o A N . L . .

electrolyte. The DOL tends to (1:2.5) electrolyte S - , : 2. Measure the transport properties of the new electrolytes.
This work is in collaboration with the LBNL synchrotron facility - the Advanced “]10% Dot T e iiz: modulate the polysulfide « 0.1mA/cm?for 1 h § 4 -7 3. Further optimize the sulfur cathode electrode via materials synthesis and
Light Source to continue our effort to develop Li-S in situ electrochemical cell for _* - :::: _L] ) =#%., w3t | dissolution to enhance ionic deposition/stripping " ol e ] . na t i thode | t
the analysis of polysulfides dissolution and precipitation during electrochemical §10 £ o o SwpoL W& | conduction in the sulfur cathode. « Low polarization | —— engineering 1o ensure sultur catnode iongevity.
processes; and in collaboration with the LBNL National Center for Electron 515- Esoo. :;&XW : I_’-mzé (~0.1V) | - 1T ——tomLitesiss e 4 Develop new polymer based lithium metal interface protections to prevent lithium
Microscopy to understand the micro and nanostructure transformations in Li-S T et ' 0] Spmenonsettoned® T g » Good cycling stability oal | | | | dendrite formation. Go/No-Go: cycling lifetime at 300 cycles at over 1200 mAh/g-S
chemistry. | | %) N A A\ ] o6 over 150 hours o e " izat ' '
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